Potato is one of the strategic crops,enhancing food security and economic benefits to Ethiopia.Ethiopia has suitable edaphic and climatic conditions for the production of potatoes.But lack of well adapted cultivars is one of a production problemsthat account for low yield and small area cropped to the nation. Therefore, this study was conducted at Haramaya, Hirna andArberekete to evaluate yield and yield component of 16 released potato varieties (Moti, Belete, Bubu, Ararsa, Gudenie, Bule, Gabissa, Marachare, Harchassa, Gera, Gorrebella, Guassa, Jalenie, Bedassa, Zemen&Chiro) and two local cultivars (Bette &Jarso).The experiment was laid out as a Randomized Complete Block Design with three replications. The results revealed the statistically significant variations in most of the traits. The highest total yield (56.52t/ha) and marketable tuber yield (53.97t/ha) recorded for Gera variety grown at Hirna, average tuber weight (105.24gm) and large sized tuber number (56.3%) for Belete grown at Haramayalarge sized tuber weight (80.93%) for Belete grown at Hirna, marketable tuber number (95.83%) for Gera grown at Haramayaand unmarketable tuber weight (55.26t/ha) were observed for Bule grown at Hirna. The high mean small size tuber number (62.75%) for Jarso at Haramaya, small sized tuber weight (37.42%) were observed for Marachere grown at Hirna, medium sized tuber number (41.72%) for Zemen grown at Arberekete and medium sized tuber weight (49.13%) were observed for Bedasa variety grown at Arberekete. Finally, the result of the study reviled that the genotype and growing environment has a great influence on yield and yield components of potato tubers.
INTRODUCTION
Potato belongs to the genus Solanum that comprises about 2000 species of which only less than 10 percent is tuber bearing (Vos, 1999) .The Latin name for the tetraploid potato genotypes that are grown today is SolanumtuberosumL.; with a genomic constitution of 2n = 4x = 48. With a base (x) number of twelve, the wild species occurs as diploids, triploids, tetraploids, pentaploids, and hexaploids, while the cultivated series extend to pentaploids only (Hawkes, 1978) .The large genetic variation has been present among the cultivars in use. This diversity explains the widespread cultivation of potato, while individual cultivars appear best suited to specific environments (niches) (Vos, 1999) .
Ethiopia has suitable edaphic and climatic conditions for the production of high quality ware and seed potatoes. Ethiopia has the potential to grow potato in 70% of the 10 million ha of arable land of the country (FAO, 2008) . However, the total area under potato production is estimated 48,113 ha with total annual production of 384,046 metric tons (FAOstat, 2009) .
Potato is grown in four major areas in Ethiopia: the central, the eastern, the north-western and the southern regions. Together, these areas cover approximately 83% of the potato farmers (CSA, 2008 (CSA, /2009 ). The eastern part mainly covers the eastern highlands of Ethiopia, especially the east Hararghe zone. Compared to the other parts of the country potato production, this area is characterized by higher orientation to export market particularly to Djibouti and Somalia (Adaneet al., 2010) .
None of the variety or cultivar, that haswith many potential which suits in all environments and for all uses (Bradshaw et al., 2007) .Therefore, assessment of genotype × environment (including end use) interactions answers the adaptation to environment and end uses.Allard (1960) described the biological complexity underlying genotype and environment. Virtually all phenotype effects are not related to gene in any simple way. Rather they result from a chain of physiochemical reactions and interactions initiated by genes but leading through complex chains of events controlled or modified by other genes and the external environment. According to Hill (1975) , in Bradshaw et al., (2007) , he stated that the accurate estimates of genetic variance for a trait of interest will be obtained if such estimates are unbiased by variation due to genotype x environment interactions. It is known that the selection in one type of environment has consequences for performances in different types of environment, and Falconer and Mackay (1996) explained how these can be quantified. The improvement of performance in one environment as a result of selection in a different environment can be viewed as a correlated response and compared with the expected response from direct selection in the target environment (Bradshaw et al., 2007) .
The potato's vegetative means of reproduction does lend itself to selection experiments in contrasting environments, but extensive studies have not been done (Bradshaw et al., 2007) . In practice, the logistics of seed tuber multiplication mean that potato breeders are likely to select their early generations at local seed and ware sites and then test relatively few potential cultivars in a much wider range of environments. Potato producing countries should therefore have their own breeding programmes targeted at adaptation to their local environments and end uses, not withstanding commercial companies wanting to see their new cultivars grown as widely as possible (Bradshaw et al., 2007) .
In Ethiopia, a number of improved potato varieties have been released by different research centres and institutions.However, there are still many farmers who grow not well adapted, poor in disease and insect pest resistant varieties.Therefore, this study was conducted with the following objective:
To evaluate yield and yield components of released potato varieties.
MATERIAL AND METHODS

Description of the study area
The field experiment was conducted under rainfed conditions during the year 2012 main cropping season at Haramaya, Hirna and Arberekete in Eastern Ethiopia.
Haramaya research site is located at 9 o 26' N latitude; 42 o 3' E longitude and at an altitude of 1980 m.a.s.l. The mean annual rainfall is 760 mm (Belay et al., 1998) . The mean maximum temperature is 23.4 0 C; while, the mean minimum annual temperature is 8.25 0 C. The soil of the experimental site is a well-drained deep alluvial with a subsoil stratified with loam and sandy loam (Tamire, 1973) . Analysis of the chemical and physical properties of the soil indicated that it has organic carbon content of 1.15%, total nitrogen content of 0.11%, available phosphorus content of 18.2 mg kg soil -1 , exchangeable potassium content of 0.65 cmolc kg soil -1 (255 mg K kg soil -1 ), pH of 8.0, and percent sand, silt and clay contents of 63, 20, and 17, respectively (Simret, 2010) .
The second experimental site was Hirnasub station; which is located at 9 
Experimental treatment and design
A total of 16 potato genotypes which were released by different Research Centresand Haramaya University for different agro-ecologies of the country and 2 local cultivars were used for this experiment ( Table 1) 
Experimental procedures
Land preparation: The experimental fields were cultivated by a tractor toadepthof25-30cm and levelled;thenridges weremadeby hand.
Planting: Medium sized (39-75g) Lung 'ahoet al., (2007) and well sprouted tubers were planted at the sides of ridges at the spacing of 75cm between ridges and 30cm between tubers in July 2012 during the main growing season after the rain commenced and when the soil was moist enough to support emergence. The planting depth was maintained at 5cm (Mahmoodet al., 2001 ).
Fertilizer application:
Fertilizer was applied as the recommendation made by Haramaya University, which Phosphorus fertilizer was applied at the rate of 92kg P 2 O 5 ha -1 in the form of Diammonium Phosphate (200kg ha -1 ) and the whole rate was applied at planting. Nitrogen fertilizer was applied at the rate of 75kg Nitrogen ha -1 in the form of Urea in two splits, half rate after full emergence (two weeks after planting) and half rate at the initiation of tubers (start of flowering).
Crop protection: Potato plants were treated with Mancozeb 80% WP at the rate of 1.5 kg ha -1 diluted at the rate of 40 g per 20 litre water once a week to control late blight disease.All other cultural practices were applied according to the regional (Haramaya University) recommendation (Teriessa, 1997) .
Harvesting: The haulm were mowed two weeks before harvesting to thicken tuber periderm; as the plants reached physiological maturity, yellowing or senescence observed apparent on the lower leaves, which helped to avoid bruising and skinning during the harvesting and post-harvest handling. For the yield estimation, tubers were harvested from forty plants from the four middle rows, leaving the plants growing in the two border rows as well as those growing at both ends of each row to avoid edge effects.
Data collection
Total tuber yield (t/ha): At harvest the total tuber yield of 40 plants per plot were recorded by adding up the weights of marketable and unmarketable tubers and converted to yield per hectare.
Marketable tuber yield (t/ha):
All the marketable tubers which were free from diseases, insect pests and greater than or equal to 20 g in weight were recorded. recorded as unmarketable tuber yield.
Average tuber weight (g/tuber):
The average tuber weight was determined by dividing the total fresh tuber yield into the respective total tubers number.
Tuber size distribution in number (%):
Tubers wererecorded by counting the number of large (>75g); medium (39-75g) and small (<39g) at harvest and converted to percentage, according to Lung'ahoet al., (2007) .
Tuber size distribution in weight (%): Yield sample was graded into three groups, considering the weight of tubers. The grading was recorded by weighing the number of the total tubers that were categorized as large (>75g); medium (39-75g) and small (<39g) according to Lung'ahoet al., (2007) and the proportion of these groups of tubers were calculated in percentage.
Data analysis
The data were subjected to analysis of variance (ANOVA) using the General Linear Model (GLM) of the Statistical Analysis System (SAS) of statistical package.
RESULT AND DISCUSSION
Total tuber yield
The varieties exhibited differential yielding ability at three locations. Gera (56.52t/ha) grown at Hirna, Belete (48.29t/ha) grown at Haramayaand Belete (43.5t/ha) grown at Arberekete produced significantly highest total tuber yield per hectare. Jarso grown at Haramaya (17.70t/ha), Hirna (18.34t/ha) and Arberkete (27.55t/ha), and Bedassa (26.71t/ha) and Bette (32.7t/ha) both grown at Arberekete produced statistically significant lowest total tuber yield ( Table 2 ). The variation in total yield of potato genotypes at different location may be due to a response of the genotypes to growing environmental factors. This suggestion is in agreement with other authors who reported that yield differences among genotypes were attributed both by the inherent yield potential of genotypes and growing environment as well as the interaction of genotype x environment (Elfinesh, 2008&Asmamawu, 2007 . Singh and Singh (1973) also indicated that yield per unit area is the end product of components of several yield contributing characters which are highly influenced by the environment.
Marketable tuber yield
According to this study result, marketable tuber yield was influenced by the genotype, growing environment and the interaction effect of the genotype and growing environment. Gera (53.97t/ha) and Jarso (12.89t/ha) produced the highest and the lowest marketable tuber yield both grown at Hirna. Belete (44.71t/ha) and Jarso (16.30 t/ha) produced the highest and the lowest marketable tuber yield grown at Haramaya.Belete (42.80 t/ha) and Jarso (25.14t/ha) produced the highest and the lowest marketable tuber yield respectively, both grown at Arberkete (Table  2) . Similarly, other researchers also investigated that marketable yield was significantly varied by variety, location an d genotypes x environment interaction (Elfinesh, 2008 , Pandeyet al. 2004 , Kumar et al., 2007 .
Unmarketable tuber yield
The result of this study indicates that the the interaction of the growing environmentand genotype were significantly (P<0.01) influenced as unmarketable tuber yield. Bule (5.90t/ha) grown at Hirna, Jalenie (5.15t/ha) grown at Haramaya, Marachere (4.76t/ha), Chiro (4.32 t/ha) & Gera (4.17t/ha), all grown at Arbereketeproduced significantly highest unmarketable tuber yield. Zemen (0.3t/ha) and Gera (0.66t/ha), both grown at Haramaya, Bubu (0.5 t/ha) andArarsa (0.9t/ha) grown at Arbereketeand Hirna, respectively, produced significantly lowest unmarketable tuber yield ( Table 2 ). The variation in non-marketable yield of the genotypes may be due to adaptability, crop maturity, and inherent ability of potato genotypes in producing unmarketable tubers per plant.The result for non-marketable yield of potato varieties in the present work is in line with the findings of Elfinesh (2008) , who reported that the interaction effects of growing environment and genotype; significantly influence unmarketable tuber yield.
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www.gjournals.org 18 (Table 3) . Bule (44.74%) followed by Jarso (57.72%) both grown at Hirna, Bette (67.21%) and Jarso (66.13%) both grown at Haramaya produced significantly lowest marketable tuber number in percentage. The difference in tuber number might be due to varietal character and growing environmental factors.
Unmarketable tuber number in percent: Tubers of Bule (55.26%) grown at Hirna, Jarso (33.87%), Bette (32.29%) both grown at Haramaya and Marachere (30.26%) and Jarso (29.26%) both grown at Arberekete produced significantly highest unmarketable tuber number in percentage. Gera (4.17%) followed by Zemen (4.17%) both grown at Haramaya recorded significantly lowest unmarketable tuber number in percentage (Table 3 ). The number of tubers is the main trait that is taken into account as one of the most important traits and the yield components in the potato. The trait by the side of a tuber weight consists of two crucial components of yield component and none of the other traits have been effective as much as this in yield. The number of tubers per plot will depend mainly on the number of stems per plot, total number of stolons and stolons which tuberize. Both genetic and environmental factors play a vital role in stolon development and tuberization process (Subarta & Upadhya, 1997) .
Tuber size distribution by weight and number in percentage
Large size tuber number: The genotypes significantly differ in their ability to produce large size tuber number at all locations. Significantly highest number of large size tubers in percentage were calculated for Belete(57.76%) grown at Haramaya and Arberekete(45.38%);Ararsa (56.3%) and Gudenie (36.26%) both grown at Hirna. On the other hand, Bette (10.82%) grown at Haramaya, Jalenie grown at Hirna (19.74%) and Arberekete (19.09%) as well as Bedesa (20.39%) grown at Hirna produced significantly lowest number of large size tubers in percentage (Table 4) .
Large size tuber weight: Significantly, highest large sized tubers in weight expressed in percentage were calculated for Belete grown at Haramaya (80.64%) and Arberekete (70.97%) and Ararsa (84.17%) grown at Hirna. Significantly lowest percent of large sized tubers in weight were recorded for Jarso (24.56%) and Bette (27.44%) both grown at Haramaya, Bedessa (24.9%) and Jarso (27.71%) grown at Arbereketeand Hirna, respectively (Table 5) .
Medium size tuber number:
Significantly highest medium sized tubers number in percentage was calculated for Gudenie (40.51%) grown at Hirna, Zemen (41.72%) grown at Arberkete and Gera (39.62%) grown at Haramaya. Moti at Hirna (19.61%), Bubu at Haramaya (22.17%) and Beddasa at Arberekete(27.74%) produced significantly lowest number of medium sized tubers in percentage (Table 4) .
Medium size tuber weight: Significant variation of medium size tubers in weight was observed among genotypes at all locations. Significantly, highest weights of medium sized tubers weight in percentage were calculated for Bedesa (49.13%), Belete (48.74%) and Jalenie (39.33%) grown at Alberekete, Haramaya and Hirna, respectively. Belete at Haramaya (14.94%) and at Arberekete(22.4%) and Ararsa at Arberekete(23.41%) and at Hirna (12.39%) produced significantly lowest weight of medium sized weight tubers in percentage (Table 5) .
Small size tuber number:
The main effect and the interaction effect were significantly (P< 0.01) affected the smallsize tuber number in percentage (Appendix Table 1 ). Significantly, highest number of small-sized tubers in percent was calculated for Jarso grown at Haramaya (62.75%) and at Hirna (61.32%), Marachere (60.77%) and Bule (61.25%) grown at Arbereketeand Hirna, respectively. Gera at Haramaya (13.13%) and Arberekete(22.16%), Bubu (19.68%) and Belete (22.04%) both grown at Alberekete, Ararsa (18.39) at Hirna exhibited significantly lowest number of small-sized tubers in percentage (Table 4) .
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www.gjournals.org 20 Small size tuber weight: The two main effects of the genotype and the growing environment, as well as growing environment x genotype interaction were significantly (P < 0.01) influenced mall sized tuber weight in percentage (Appendix Table 1 ). Jarso (31.32%) and Marchere (37.42%) grown at Haramaya and Arberekete, respectively, Bule (35.5%) and Jarso (35.29%) both grown at Hirna exhibited significantly highest small sized tuber weight in percentage. Gera (3.7%) and Belete (4.43%) both grown at Haramaya, Ararsa (3.44%) at Hirna, Bubu (5.86%), Belete (6.54%) and Gera (7.62%) all grown at Arberekete produced significantly lowest small sized tuber weight in percentage (Table 5 ). The observed significant variations among the genotypes across growing environments (locations) for tuber size distribution in number and weight may be attributed to inherent potential of such genotypes which were highly influenced by growing conditions and interaction of genotype and environment. Muthuraj et al., (2005) reported that the effect of heredity was significant with regard to tuber grades. One of the essential factors that affect the percentage of different tuber sizes is vegetative growth and stem numbers that influence varieties differentially (Azad et al., 1997) . Kumar and Ezekiel (2006) and Patel et al., (2008) described that rapid plant emergence and better plant growth results in higher number of medium size tubers. Sufficient growth (stem number and plant height) had positive contribution to tuber number. Patel et al.,(2008) and Kumar et al., (2007) reported that maximum yield of small size tubers may be due to higher number of tubers as well as varietal character, adaptability or establishment effects of the other growth attributes. More number of under size tubers may be due to the higher vigor of plants coupled with delayed maturity (Sharma & Singh, 2009 ). According to the farmers choice, it is not a good character of any variety to produce small tubers, because it doesn't benefit farmers' as the market value of small tubers is very low. As regards of the marketability, the variety which produced more number of large and medium size tubers is considered the best.
Average tuber weight
The main effects as well as the interaction effect were significantly (P <0.01) influenced average tuber weight (Appendix Table 1 ). Belete grown at all locations viz. Haramaya (104.24g), Hirna (103.78g) and Arberekete (90.6g) produced significantly highest average tuber weight. Ararsa (95.6g) and Moti (85.49) grown at Hirna and Haramaya respectively, as well as Bubu (71.89%) and Gera (70.9g) both grown at Arberekete produced the highest and significant average tuber weight. On the contrary, Jarso (35.98g) and Bette (38.5g) both grown at Haramaya, Marachere (32.8g) and Jarso (37.3g) both grown at Arberekete produced significantly lowest average tuber weight.
The variation may be attributed to an inherit potential of the genotypes as well as the interaction of genotype and environmental condition. Patel et al., (2008) and Kumar et al., (2007) also reported that maximum yield of small size tubers may be due to higher number of tubers as well as varietal character and adaptability or establishment effect of other growth attributes. Muthurajet al., (2005) reported that, the effect of heredity was significant with regard to tuber grades. One of the essential factors that affect the percentage of different tuber sizes is vegetative growth and stem numbers but the influence on different varieties is different (Azad et al., 1997) . More number of under size tubers may be due to the higher vigor of plants coupled with delayed maturity (Sharma & Singh, 2009 ). According to the farmer's choice, it is not a good character of variety to produce small tubers; because it is of no benefit for the farmer as the market value of small tubers is very low. The variety, whichproduced more number of large and medium tubers, is considered to be the best regarding marketability.
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Means followed by the same letter with in a column are not significantly different.
SUMMARY AND RECOMMENDATION
The results revealed that significant differences were observed in yield and yield components of Potato tuber. The analysis of the variance indicated that varieties' yield was significantly influenced by the genotype, growing environment and the interaction of genotype by environment. According to this study result, yield and yield components of the potato tubers varied from one variety to another within the same variety on different growing environmental conditions. Therefore, Haramaya, Hirna and Arberekete farmers have to choose the varieties which suit their own growing environment; that is probably the most critical decision with respect to matching tuber quality with intended market and economic benefit to them. According to this study result, Belete, Marachare and Gbisa varieties are superior in total yield and marketable yield in decreasing order at Haramaya growing environments and Gera, Belete and Marachare varieties were suitable at Hirnain decreasing order listed here; whereas Belete, Bubu, Gera and Gudenie varieties were recommended for Arberekete Growing environments.
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